Previous meta-analysis has reported the rate of reliable and clinically significant changes in hoarding disorder (HD) after cognitive-behavioural therapy (CBT) based on the classical CBT model of HD, as between 42% and 25%. However, in this analysis, different types of therapy (group vs individual, G-CBT and I-CBT, respectively), different providers (psychologist vs nonpsychologist), and different diagnosis (HD vs hoarding behaviour) were analysed together. Hence, it remains unclear if reported rate of changes was due to limits of the CBT model of HD or due to the fact that different applications of the model were analysed together. The aim of this meta-analysis is to highlight shortcomings in the description of existing approaches in G-CBT in HD and provide an up-to-date review of the current state of efficacy. We searched references for treatment trials of G-CBT for HD in adults with object hoarding, where treatment was conducted by a professional in PubMed, PsychINFO and Web of Science databases, and ResearchGate (for grey literature). Data on participants, treatment modalities, and outcomes were extracted; treatment effect-size was meta-analysed. Five hundred and forty-three references were found; after title and abstract screening, eight articles (178 participants) were retained of which seven were included in the meta-analysis. G-CBT showed improvement of HD severity at posttreatment (Hedge's g = 0.96). The rate of clinically reliable changes across groups of treatment was 21%-68% (M = 36.7%; SD = 12.1%). The meta-analyses showed a statistically but not clinically significant impact of age on effect-size. No publication bias was found. There is strong evidence supporting the efficacy of G-CBT including modified or extended versions of classical G-CBT protocols.
| INTRODUC TI ON

| Health problem
In DSM-5, hoarding disorder (HD) has become an independent nosological entity (Mataix-Cols et al., 2010) . It has been defined by the American Psychiatric Association (APA) as a persistent difficulty discarding or parting with possessions, regardless of the value others may attribute to them (APA, 2013) . Other criteria include difficulty to discard due to a perceived need to save the items and distress associated with discarding items and a resulting clutter which substantially compromises the intended use of living areas, causing distress and impairment in social, occupational, or other important areas of functioning. Hoarding behaviour exists on a continuum in the population, with hoarding disorder being at the severe end. The prevalence of hoarding behaviour is between 4% (Samuels et al., 2008) and 11% . The prevalence of HD in the general population is 1.3%-2.2% (Cath, Nizar, Boomsma, & Mathews, 2017; .
Hoarding disorder leads to a significant loss in quality of life in patients (Subramaniam, Abdin, Vaingankar, Picco, & Chong, 2014) and family members (Drury, Ajmi, Fernandez de la Cruz, Nordsletten, & Mataix-Cols, 2014; Tolin, Frost, Steketee, & Fitch, 2008) . HD causes squalor, dirtiness, and bad odour, leads to infestation of buildings with insects and rodents, and produces faster deterioration in their structure (Chapin et al., 2010; Frost, Steketee, & Williams, 2000) . Twenty-four per cent of all preventable fire fatalities occurred in households of people suffering from hoarding (Lucini, Monk, & Szlatenyi, 2009 ). The risk of eviction is a one of the consequences of HD. Most data on evictions come from Australia and the USA. Over a 1-year period, in Sydney, 12% of older people with hoarding behaviour "moved elsewhere" and 32% were institutionalised (Snowdon & Halliday, 2011) ; in Kansas, 26% "moved" (Chapin et al., 2010) . The eviction process balances public security concerns with the desire of municipal services and healthcare workers to keep people suffering from HD at home;
and their desire to keep their possessions regardless of eviction risk (Gibson, 2015) .
| Cognitive-behavioural therapy (CBT)
With equivocal results yielded by trials of pharmaceutical treatment for HD (Bloch et al., 2014; Brakoulias, Eslick, & Starcevic, 2015) , individual cognitive-behaviour therapy (CBT) and group cognitive-behaviour therapy (G-CBT) remain an empirically based treatment option for people with HD. Frost and Hartl (1996) described a cognitive-behavioural model of HD, which highlights informationprocessing deficits, problems in forming emotional attachments, behavioural avoidance, and erroneous beliefs about the nature of possessions (Figure 1 ). An individual CBT (I-CBT) based on this model has been developed (Hartl & Frost, 1999) . The first version of this therapy comprised training in decision-making, exposure to decluttering, and cognitive restructuring. Further trials have brought modifications to the protocol and now classical CBT for HD comprises motivational interviewing, exposure to nonacquiring, training in sorting and discarding, cognitive restructuring (identifying and correcting maladaptive patterns of thinking), and organisational training (practicing appropriate handling and placement of items to be saved in order to reduce clutter in the home) (Steketee, 2007) .
A meta-analysis of 10 trials of CBT for HD, including both group and individual format, was performed by Tolin, Frost, Steketee, and Muroff (2015) and showed reliable and clinically significant change in 40.12% of patients suffering from HD for functional impairment and 25.44% of patients suffering from HD for cluttering.
What is known about this topic?
• Group cognitive-behavioural therapy (G-CBT) for hoarding disorder is based on Frost and Hartl model of HD; the G-CBT is the most studied treatment option for HD;
• Its efficacy is 25%-42% in meta-analysis which did not distinguish HD and hoarding behaviour; treatment provided by professionals and nonprofessional; individually and in groups.
What this paper adds
• Provides evidence about the efficacy of G-CBT administered by professionals to people with established HD diagnosis.
• Reveals that shorter group duration, reduction of the number and duration of sessions, and exclusion of home visits do not affect the efficacy of the therapy
• Discusses the limits of the current CBT model of HD.
F I G U R E 1 Model of Hoarding Disorder, adapted from Frost & Hartl, 1996 
| Group cognitive-behavioural therapy
A protocol for G-CBT was first adapted from individual CBT by Steketee, Frost, Wincze, Greene, and Douglass (2000) . The treatment protocol comprised 15 sessions lasting 2 hr over a period of 20 weeks with at-home exposure (decluttering) sessions. The first two sessions were reserved for education about hoarding; during the following sessions, participant were taught the distinction between hoarding and nonhoarding decisions; they were also encouraged to make rapid decision in nonhoarding contexts. At the next stage, participants trained their organising skills by developing their discarding plan for future home exposure sessions. Final sessions comprised cognitive restructuring, including the examination of the validity of their hoarding beliefs and values and practice in taking an alternative, nonhoarding perspective in their decisions, intentions, and actions.
Further G-CBT trials used a modified version of this treatment protocol; they employed hoarding-specific measures of outcome and applied more rigorous study methods. The interest in G-CBT over I-CBT is explained by the advantages of group participation, including the reduction of shame and guilt, enhanced social interaction, enriched participation, involvement, and motivation and expected higher cost-efficacy (Muroff et al., 2009; Schmalisch, Bratiotis, & Muroff, 2010) . While Tolin et al. (2015) recently published a metaanalysis of CBT for HD which included G-CBT as well as individual CBT, a new meta-analysis is warranted for G-CBT. New studies have since been published, with more targeted factors, which were not addressed in 2015 meta-analysis, where professional and non-professional facilitated groups were not separated. Also, the differential response among patients may aid understanding the efficacy of G-CBT. Also, G-CBT protocol modifications, such as the number and duration of sessions, additional at-home sessions or, the contrary, a reduction of at-home sessions, can also impact treatment outcome and have never been explored.
The meta-analysis of the efficacy of the cognitive-behaviour therapy (CBT) for hoarding disorder (HD), made by Tolin et al. (2015) , is the most cited reference source about the topic since publication in 2015. Ten studies including 12 subgroups were meta-analysed; overall efficacy of the CBT was found to be about 32% considering the percentage of cases with reliable clinically significant changes in HD. However, this meta-analysis has restrictions due to three reasons. First, trials of individual (n = 4) and group (n = 8) therapy were evaluated together. Intuitively, we expect more efficacy from the individual therapy, which is also more costly as in case, for example, of social phobia (Stangier, Heidenreich, Peitz, Lauterbach, & Clark, 2003) . Second, the therapy was delivered to patients with established HD diagnosis (n = 8) and to patients with hoarding behaviour (n = 4), but reported that only 11% of people with hoarding behaviour reached criteria of HD, so they might be a distinct population and the therapy could be mistargeted. Finally, treatment delivered by clinical psychologist (n = 9) was analysed together with treatment delivered by other professionals (e.g., social workers, psychoeducators, n = 3). Intuitively, we might expect better outcome of the treatment delivered by a clinical psychologist, which is a costlier option, too. It is evident that the number of studies in each subcategory (e.g., individual CBT with established HD diagnosis provided by professional) was too small to be controlled. Hence, healthcare decision-makers may need a further meta-analysis of a narrower treatment option including more studies. The meta-analysis of group-CBT (G-CBT) (reasonably costly) provided by professionals (more efficient) to the people with an established diagnosis of HD (more targeted intervention) could provide more robust evidence for the community, health providers, and decision-makers to include the G-CBT in public-founded facilities.
The objective of this meta-analysis is to answer which proportion of participants shows reliable clinically significant changes in HD posttreatment with G-CBT.
Another reason supporting a new meta-analyse of G-CBT treatment provided by professionals to people with established HD diagnosis is to reanimate a discussion about the current model of HD, proposed by Frost and Hartl (Frost & Hartl, 1996) . A meta-analysis focused on CBT targeted to people with HD and provided by professionals could reveal the efficacy of the Frost and Hartl model and optimal condition to provide G-CBT for HD.
| MATERIAL AND ME THODS
| Selection of studies
In the review, we included available outcome studies, including con- We conducted the search of articles in PubMed by using the query ("Hoarding Disorder" [Mesh] OR "Hoarding" [Mesh] ) AND group [Title/Abstract]; PsychINFO using the "Hoarding" as a keyword and "Journal article" as a type of publication; and in ScienceDirect using "Hoarding" AND "Treatment" as keywords. The search of grey literature was conducted in ResearchGate social network using the "Hoarding Group" keyword and "Publications" tag. Titles and abstracts of returned references were examined by two independent examiners; in case of disagreement, a clinical psychologist with extensive experience in research (KOC) took a definitive decision about including the reference in analysis. Systematic reviews and meta-analysis were also screened for references.
| Data extraction
Data were extracted according to an a priori agreed protocol.
According to this protocol, information included study title, year of publication, authors, setting and method of recruitment of participants, inclusion and exclusion criteria, numbers of screened, enrolled, completers, and the number of participants for whom posttreatment data were available with the information about participants' sociodemographic and clinical data. For the G-CBT intervention protocol, any modifications to G-CBT delivery were extracted; in addition, information about number of groups, number of participants per group, number and qualification of groups' facilitators, number and duration of sessions, the mean percentage of sessions attended by participants, the number, duration, and content of at-home sessions; timepoints of participants' evaluations and the criteria of clinically reliable changes in HD also was extracted. If more than one treatment modalities was reported (e.g., G-CBT and bibliotherapy (e.g., (Frost, Pekareva-Kochergina, & Maxner, 2011) ), only data of G-CBT were extracted. We extracted participants' baseline information, such as age, sex, race, education level, employment, and matrimonial status and a profile of comorbid mental health conditions if available.
| Outcomes
The primary outcome of interest was mean difference in pre-post treatment HD severity. We extracted all primary outcome measure. The study was included in the meta-analysis only if the primary outcome measure was a validated instrument. Primary outcomes were set to be the Saving Inventory Revised (SI-R) (Frost, Steketee, & Grisham, 2004) . The SI-R is a self-administrated 23-item questionnaire designed to measure severity of cluttering, acquisition, and difficulty discarding. The measure has a 0.80-0.93 test-retest reliability and an internal consistency of 0.94. HD clinical cut-off point for the SI-R total scores is 41, for the clutter scale is 17, for the acquisition scale is 9, and for the difficulty discarding scale is 14.
Other HD-related outcomes measures extracted were the Hoarding Rating Scale (HRS) (Tolin, Frost, & Steketee, 2010) , The Clutter Image Rating (CIR) (Dozier & Ayers, 2015) , the hoarding subscale of the Vancouver Obsessive-Compulsive Inventory (VOCI) (Thordarson et al., 2004) or an adapted version of the Yale-Brown ObsessiveCompulsive scale (Y-BOCS) (Goodman et al., 1989) . Secondary outcomes were hoarding cognition, measured by the Saving Cognitions Inventory (SCI) (Steketee, Frost, & Kyrios, 2003) , and functional limitation caused by HD was measured by the Activities of Daily Living for Hoarding (ADL-H) (Frost, Hristova, Steketee, & Tolin, 2013) ; the global morbidity was measured with the Clinical Global Impression (severity) Scale (CGS) (Guy, 1976 ) and symptoms of depression were measured with the Beck Depression Inventory-II (BDI) (Beck & Steer, 1984) 
| Risk of bias in individual studies
The risk of bias was assessed according to the section "Sources of bias in non-randomized studies" of the Cochrane handbook for systematic reviews of interventions (Higgins & Green, 2009 ). We searched for information about whether the inclusion and exclusion criteria were clearly reported; whether the intervention and outcome assessment were conducted according to a standardised protocol and whether the outcomes were assessed by a blinded independent evaluator. As indicated, we assessed overall probability of selection, information, and confounding bias. To estimate the risk of selection bias, we compared sociodemographic and clinic characteristics of studies participants with those of people with HD in populational studies and meta-analysis of CBT for HD to reveal if participants showing a better response to CBT were overrepresented. To assess the risk of information bias, we looked at whether validated tools were used for initial HD diagnostic; whether validated tool or objective criteria were used for patients' assessment and how missing data were manipulated. To assess the risk of confounding bias, we extracted information about how thoroughly the protocol was adhered to; the adherence to therapy and the mental and somatic health comorbidities of participants and cotreatments were reported. As well, we extracted information regarding the number of participants screened, enrolled, who completed therapy and with complete outcome data posttreatment. To assess the risk of publication bias, the funnel plot was constructed; to assess the risk of selective reporting, we searched whether the protocol of an included trials had been published.
| Statistical analysis
We used weighted estimations to describe the entire sample; chi-square test was used to compare study subpopulations if needed. The Cohen's d was extracted if reported; otherwise, it was recalculated for meta-analysis. Hedge's g' was used in favour of Cohen's d' to compensate to the small sample sizes found in G-CBT studies. In the meta-analysis, we first estimated the heterogeneity of primary outcomes across studies with I 2 and Q heterogeneity criteria. We also meta-regressed effect-sizes to understand the impact of the mean age and the percentage of women in study sample as well baseline HD severity, number and duration of group sessions, and availability of home sessions on treatment results. Intention-to-treat clinically significant change was recalculated from number of participants who started therapy when not originally provided.
Cohen's d was calculated using a formula based on the t statistic and sample size (t/rootsquare(n)) and was recalculated for all studies.
This method was chosen to include the maximum number of studies (some studies did not report pre-and postmeans). When F was reported instead of t, the square root of F was calculated to obtain t.
This method gives an estimate of Cohen's d that is exactly half of the results obtained when estimating Cohen's d by using eta-squared, a method used in some studies, such has the one by Worden, Bowe, and Tolin (2017) . Any discrepancy between Cohen's d of the original studies and Cohen's d given by this meta-analysis is thus due to the difference in calculation. This method is also consistent with the previous meta-analysis on HD by Tolin et al. (2015) . Meta-analysis and meta-regression were made with the Comprehensive meta-analysis software.
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| RE SULTS
| Study selection
The study selection process is presented in Figure 2 . Of 543 screened studies, 535 were excluded as nonoutcome studies, two were excluded as studying non-CBT intervention, two were excluded as studying the G-CBT in adolescents, and one study was excluded as studying the efficacy of internet-based G-CBT. The full text of eight studies was assessed for eligibility. All eight studies were retained for the review and were trials of G-CBT for HD, seven of them had as primary outcome measure a validated HD-specific measure, hence, seven studies were retained for meta-analysis (see Appendix S1).
Studies were excluded if they did not concern hoarding in humans; in adults; or if they reported pharmaceutical treatment for HD or only individual CBT. Trials of group intervention which were not administrated according to a structured manual and/or facilitated by nonprofessionals helper were also excluded. The kappa agreement of excluded/included studies between the two independent evaluators (YB and JSA) was .923 (p < 0.001).
Characteristics of the retained studies are presented in Table 1 .
The summary of the administered therapy is presented in Table 2 .
The summary of pre-post treatment primary and secondary outcomes of individual studies are presented in Tables 3 and 4, respectively.
| Participants' characteristics and sources of recruitment
Of eight studies, posttreatment data were available for 178 participants. The weighted mean age of participants was 54.3 years old; 71% of participants were women, 81% were white, 47% were employed; and 35% were married/cohabited. The characteristics of participants across the studies are presented in Table 2 differences in reporting those characteristics or because different, incomparable measures were used. In the clinical setting, participants were recruited if they identified themselves as people with HD and were excluded if they were not compatible with a group format (suicidality, noncollaborative behaviour, cognitive impairment).
In the study of Mathews and collaborators, participants were not eligible if they had received other CBT for HD in the prior year. In studies of Moulding and Mathew, participants represented a helpseeking population. In studies of Steketee (2000), Worden (2017) , Muroff (2009) , and Gilliam, participants were recruited from mental health outpatient clinics, support groups, or among the participants of previous study of hoarding. In the study of Tolin, participants were recruited via newspaper.
| Assessment, inclusion, and exclusion criteria in individual studies
Participants in research settings underwent structured assess- Hoarding Interview Steketee, 2007) . In almost all studies, the CGI (Guy, 1976 ) severity scores had to be four or higher. In real-life setting, the most frequently mentioned exclusion criteria were psychiatric conditions that required immediate intervention or more serious conditions (psychoses, suicidalities) and inability for patient to engage in group therapy.
| Treatment protocols
All treatment protocols were inspired from Frost and Hartl cognitive model of HD (Frost & Hartl, 1996) . Steketee et al. (2000) group treatment protocol addressed psychoeducation about hoarding, practice in decision-making, organising skills training, behavioural exposure and cognitive restructuring. 
| Outcome
In seven studies of eight, the primary outcome measure was the Saving Inventory Revised (SI-R). Results of individual studies are presented in Table 3 for outcome measured in SI-R and in Table 4 for other primary and secondary outcome. The weighted mean reduction on SI-R was 13.6 scores, which a 22% reduction of pretreatment scores.
In four studies, the clinically reliable changes in HD were calculated for five groups of therapy according to Jacobson and Truax (1991) criteria: for Gilliam et al. (2011 ), Muroff et al. (2012 , and Moulding et al. (2016) , it was defined as 14 and more points of reduction of SI-R and 42 or less points at posttreatment, and for Worden et al. (2017) , it was defined as 12 and more point of reduction on SI-R and 43 or less points for posttreatment. The range Y-BOCS (Goodman et al., 1989) adapted.
TA B L E 3 Means and standard deviation of treatment primary outcomes (SI-R)
a Depression scale of the depression anxiety stress scales, DASS (Lovibond and Lovibond, 1995) . *Significant at level of p < 0.05; **significant at level of p < 0.001.
of clinically significant changes was 21%-68%. Figure 3 represents the proportion of clinically reliable changes in HD severity across studies.
| Risk of bias within studies
| The risk of selection bias
Overall, participants were older, more educated, and had a higher probability of being white females than people with HD in population studies. Weighted average proportion of women was 74%
while reported 54% of women in a community sample and Cath et al. (2017) reported equal prevalence of HD in male and female. The clinical significance of this misrepresentation is that women are more likely to respond to CBT for HD , which might not necessarily affect the bias of studies but rather reflect the characteristics of help-seeking people with HD, which has been previously discussed, for example, by Drapeau, Boyer, and Lesage (2009) .
The sources of recruitment can also affect the treatment outcome. Participants recruited from mental health facilities could be preselected by health professionals before being referred to the research study centre; participants from peer-support groups could be familiar with HD which could facilitate the provisioning of treatment and improve outcomes; the reason to respond to newspaper announcement can also affect treatment outcomes. Standard clinical referrals (Mathew, Moulding) seem to provide the more generalisable results.
| The risk of information bias
In all studies, inclusion and exclusion criteria were clearly reported; the intervention conducted according to standardised protocols.
In all studies, except in the study by Steketee, outcome assessment was conducted by validated measures with good to excellent psychometric properties. In the study of Steketee et al. (2000), an adapted version of the Y-BOCS was used, because at this time, no HD severity measure had been validated.
The primary outcome measure in most trials was a self-administrated questionnaire, and no objective criteria of HD severity were applied. Only in the trial reported by Worden et al. (2017) was the flowchart completely reported, including number of participants who were screened, enrolled, completed treatment and whose data were available for analysis. The lack of reporting of flowchart creates difficulty with calculation of the percentage of clinically reliable changes from intention-to-treat sample versus completers. The strategy of imputation of missing data was described only in the study of Moulding et al. (2016) ; while in all studies, the variables in which data had been missed were not indicated. Additionally, the outcome was measured by independent blinded evaluator in the home only in the trial conducted by Worden (clutter) . In the trials reported by Muroff et al. (2012) and Gilliam et al. (2011) , an independent, blinded evaluator noninvolved in treatment conducted the participants' assessment.
However, there is a probability of overevaluation of treatment effect by participants. Gilliam et al. (2011 , Moulding et al. (2016), and Tolin et al. (2012) reported the percentage of participants on psychotropic medication. Number/percentage of participants having previously received CBT for HD was reported in Mathews et al. (2016) and Moulding et al. (2016) . The mean number of attended sessions was only reported by Gilliam et al. (2011) . Previous individual CBT, pretreatment comorbidity status, and percentage of attended sessions can confound the association between the administration of treatment and outcome. As the treatment was administered by a study team, we suppose high adherence of group facilitators to the study protocol.
| The risk of confounding bias
As the funnel plot shows, the risk of publication bias is negligible (see Figure 4) . Also, 225 unpublished nonsignificant studies are F I G U R E 3 Clinically reliable changes needed to make the meta-analysis nonsignificant. It is impossible to evaluate selective reporting bias because no protocol has been previously published, but no unpublished manuscript was found in grey literature (ResearchGate).
| Synthesis of results
A meta-analysis of the seven studies reporting the SI-R as main out- Finally, pretreatment severity measured by the SI-R was not significantly related to outcome in G-CBT (b = 0.050, SE = 0.031, z = 1.61, p = 0.107).
| D ISCUSS I ON
We found significant improvement of HD on all available measures.
Mean-weighted improvement of HD severity on the SI-R scale was 13.6 score or 22% from baseline. Meta-regression Cohen d = 0.98, which corresponds to a large effect-size. We meta-analysed the effect-size of the SI-R and meta-regressed the effect-size of the SI-R change score from baseline SI-R scores, mean participants' age, the percentage of women in groups, number and duration of sessions, and number of at-home visits. There was a statistically, but not clinically, significant influence of age on treatment results. At-home sessions, group duration and group number did not affect treatment outcomes as measured by the SI-R. The study of Worden et al. information in the original studies, namely, race, employment status, living with a partner, mental health comorbidities, current medication for psychiatric reasons, and previous CBT for HD.
The highest response rate, defined as reliable clinical change, was 36% in treatment completers, reported by Muroff et al. (2012) . Further discussions are needed to decide whether this rate is the limit of the current CBT model of HD and whether further efforts can be directed to improve it. Several experimental and observational studies corroborated the importance of components of current model, such as increased emotional reactivity (Shaw, Timpano, Steketee, Tolin, & Frost, 2015) , intolerance of uncertainty (Wheaton, Abramowitz, Jacoby, Zwerling, & Rodriguez, 2016) , anxiety sensitivity (Medley, Capron, Korte, & Schmidt, 2013) and impulsivity (Timpano et al., 2013) The strength of our review is that it is concentrated on a very narrow, thoroughly described and seeked treatment option (G-CBT)
for which evidence from clinical trials has not yet been summarised.
Our review could serve as a departure point in discussing new dimensions of classical HD model, such as a reference source for local implementation of G-CBT for HD among decision-makers, clinicians, and community and for researchers in future planning of clinical trials of G-CBT for HD.
| CON CLUS ION
G-CBT for HD leads to a significant clinical improvement of HD severity even in trials with a shortened number of sessions. The efficacy of G-CBT for HD is comparable with results previously reported for I-CBT for HD. However, the percentage of recovered patients is relatively small when applying statistics-based criteria.
Further research, probably in collaboration with community mental health decision-makers, municipalities and landlords are needed to discuss the maximal acceptable level of clutter and achieve a real- 
